Abstract The flavonoid (baicalin, wogonoside, luteolin, luteolin-7-glucoside) and verbascoside contents of Scutellaria altissima in both shoot cultures, and the shoots and roots of micropropagated plants grown in the greenhouse for 12 weeks or in the field for 2 years were determined. The level of secondary metabolites was found to be strongly affected by the age and type of plant organ. A comparative analysis of S. altissima plants propagated in vitro and from seeds revealed no differences in the level of secondary metabolites when plants of the same age were studied. The antioxidant potential of methanolic extracts from shoot cultures, and the shoots and roots of S. altissima plants propagated in vitro, were evaluated using ABTS radical scavenging, FRAP metal reduction power and the lipid peroxidation test, in relation to the content of baicalin, wogonoside, verbascoside, total phenolic and total flavonoid compounds. Extracts from the roots of field-grown regenerated plants at the flowering stage were found to possess the strongest antioxidant activity. Correlation analysis revealed that the antioxidant activity of extracts correlated most closely with their total phenolic content estimated by the Folin-Ciocalteu method.
Introduction
Scutellaria species belonging to the family Lamiaceae are known for the accumulation of characteristic flavones, such as baicalein, baicalin, wogonin, wogonoside, oroxylin and oroxyloside, which possess interesting medical properties (Gao et al. 1999) . For example, baicalin, a flavone glycoside, which inhibits HIV-1 infection (Kitamura et al. 1998) , has proven anti-allergic properties and is known to have a scavenging effect in protecting the membrane of erythrocytes from free radical injuries (Gao et al. 1999) . Chang et al. (2002) report that baicalin inhibits the proliferation of various human hepatoma cell lines. Wogonoside has strong activity against lipid peroxidation and an inhibitory effect on histamine and IgE production (Lim 2003) . The compound can inhibit lipopolysaccharide-induced angiogenesis (Chen et al. 2009 ). Another important group of phenolic compounds detected in Scutellaria plants is composed of phenylethanoid glycosides such as verbascoside and martynoside (Shang et al. 2010) . Verbascoside, which earlier was found in organogenic calli of S. altissima (Grzegorczyk-Karolak et al. 2013) , has shown anti-inflammatory, antibacterial, antioxidant and antitumor activity (Pan et al. 2003) .
One of the most popular species in the Scutellaria genus is S. baicalensis, which has been used in traditional Chinese and Japanese medicine. Few data about the quantitative production of bioactive compounds in other than S. baicalensis species are available (Wiczanska-Barska et al. 2012; Islam et al. 2011; Cole et al. 2008; Zgórka 2006) . To search for natural medicine sources, it seems worthwhile to define the profile and content of secondary metabolites in other members of the Scutellaria genus. As the object of the present study, we have chosen S. altissima plant. This species grows in the woody regions of Southern Europe and North America and is known for the accumulation of valuable compounds similar to those occurring in S. baicalensis (Beshko et al. 1975) . Previously, it was found that the organogenic calli of S. altissima produced high contents of polyphenolic compounds, especially baicalin (Grzegorczyk-Karolak et al. 2013) .
Plant polyphenols are an important class of natural antioxidants which act by neutralizing reactive oxygen species (ROS) and chelating transition metal ions. It is postulated that oxidative stress induced by ROS plays an important role in the pathogenesis of many degenerative diseases, including atherosclerosis, diabetes, ischemia, Alzheimer's disease and cancer, as well as the aging process (Halliwell 2008) . Additionally, as lipid peroxidation is initiated by ROS, antioxidants retard the oxidative degradation of lipids, and hence, are important components of the nutritional value of food.
This work is a continuation of our research on the chemical composition of polyphenolics in in vitro cultures and plants of the S. altissima. The main aim of the study was to perform a comparative analysis of antioxidant potential and content of pharmacologically interesting metabolites (baicalin, wogonoside, luteolin, luteolin-7-glucoside and verbascoside) in extracts from in vivoderived plants and in vitro-derived plant materials (shoot cultures and plants) of S. altissima. For the antioxidant activity evaluation, three different in vitro assays were used: scavenging of ABTS (2,2 0 -azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)) free radicals, metal reduction by FRAP (the ferric reducing antioxidant power) and inhibition of LPO (linoleic acid peroxidation). For quantitative analysis of secondary metabolites, UPLC method was used. To find the connection between antioxidant property of the extracts and their chemical composition, colorimetry was used to determine the total content of phenolic and flavonoid compounds. The useful aspect of the study was to find out whether in vitro systems studied could provide an alternative source of antioxidant constituents.
Materials and methods

Plant material
For phytochemical analysis, the following types of S. altissima plant materials were used: -shoot culture (passages 6-7, 16-17, 26-27 and 36-37) initiated from the shoot tips of 3-week-old seedlings of S. altissima. Material for the analyses was collected from the aerial parts and roots of these plants. The procedure for plant regeneration was the following: the shoots were multiplied for 5 weeks on MS agar medium with 0.1 mg l -1 IAA and 0.45 mg l -1 BAP. They were then transferred individually into small pots containing a sterilized mixture of sand, peat and soil (3:3:4 v/v/v). The plants were rooted ex vitro and grown in the greenhouse for 12 weeks before being transplanted to open field conditions in May 2011. When the plants were harvested the next year, in July 2012, they were about 1 meter tall, highly branched and in the flowering stage.
Plant materials characterized by high levels of secondary metabolites were chosen for the antioxidant, total phenolic and flavonoid content assays: shoot cultures from passage 16-17, as well as the shoots and roots of 2-year-old in vitro-derived plants.
For comparison, the shoots and roots of S. altissima plants derived from seeds provided by the Garden of Medicinal Plants in Wrocław were used for all tests. These in vivo-derived plants, which had also been cultivated for 2 years in the field, demonstrated a morphological similarity to the micropropagated plants of the same age.
Preparation of extracts
The lyophilized plant material was pre-extracted with chloroform overnight to remove chlorophyll: 250 mg for phytochemical analysis and 1 g for antioxidant assay. After filtration, the remaining plant material was extracted three times with a 30-ml methanol: water mixture 7:3 (v/v) for 15 min in ultrasonic bath. The extracts were combined and evaporated under reduced pressure.
UPLC analysis
The dry residue of extract was dissolved in 2 ml of methanol and subjected to UPLC (ultra-high performance liquid chromatography) analysis. Analysis was performed using an Agilent Technologies 1290 Infinity UPLC apparatus equipped with a diode array detector (DAD) as previously described (Grzegorczyk-Karolak et al. 2013 ). Compounds were identified by comparison of their retention times, UV spectra and mass spectra with those of the standard compounds. The quantification of the following compounds was achieved using calibration curves. Baicalin was purchased from Sigma Aldrich, wogonoside from ChemFace, luteolin and luteolin-7-glucoside from Roth, while verbascoside was provided by Phytoplan. The compound contents were expressed as mg g -1 of dry weight (wt).
Liquid chromatography-mass spectrometry (LC-MS/MS) LC-MS/MS was carried out using an API LC/MS/MS system (Applera, USA) with electrospray ionization (ESI) source equipped with Dionex (Germany) HPLC system. The parameters were as described above. Detection was performed in negative ion modes with the conditions set as follows: drying gas (N 2 ) 11.0 l min -1 , temperature 350°C, nitrogen nebulizer pressure 40 psi, capillary voltage 4.0 kW, a detector gain of 1.600 V, fragmentation voltage 90 V and full scan range from 100 to 900 m/z.
Total phenolic determination
Total phenolic content was measured using the FolinCiocalteu method described by Singleton and Rossi (1965) . Briefly, 400 ll each extract was mixed with 2 ml of Folin-Ciocalteu reagent (POCh, Poland) (diluted 10-fold) and 1.6 ml of 7.5 % sodium carbonate. The absorbance was determined by spectrophotometry at 765 nm (Beijing Rayleigh Corp., China) after 30 min of incubation at room temperature. The results were expressed as gallic acid mg equivalents (GAE) per gram of dry extract. The calibration curve was obtained by preparing a gallic acid solution in the concentration range 1-400 mg ml -1 .
Total flavonoid determination
The flavonoid content was estimated using colorimetric method (Lamaison and Carnat 1990) . Briefly, 2 ml of extracts were mixed with 2 ml of 2 % AlCl 3 . The absorbance of the reaction mixture was measured after 15 min at room temperature at 415 nm. Quantification was performed with respect to the standard calibration curve of quercetin at a concentration 1-100 mg ml -1 . The results were expressed as quercetin mg equivalents (QUE) per gram of dry extract.
Antioxidant assays
ABTS radical scavenging assay
The antioxidant activity was determined using the ABTS radical cation decolourisation test according to Re et al. (1999) . An ABTS stock solution was prepared by 1 ml of 7 mM ABTS (Sigma Aldrich) mixed with 1 ml of 2.45 mM potassium persulfate (Sigma Aldrich). This mixture was kept in the dark at room temperature for 12-16 h before use. ABTS solution was then diluted with methanol to give an absorbance of the negative control 0.7 ± 0.05 at 734 nm.
The assays were performed by adding 2 ml of each extract at concentrations of 2.0, 20.0, 100.0, 200.0 and 500.0 lg ml -1 to 2 ml of ABTS solution. The extent of decolorization associated with ABTS radical chromophore scavenging in the presence of a hydrogen-donating antioxidant was used to estimate the antioxidant properties of the extract. The absorbance was measured after 10 min at 734 nm. The results were expressed as EC 50 , the concentration of sample at which 50 % of maximum scavenging activity was recorded, which was calculated from the calibration curve.
FRAP (ferric ion reducing antioxidant power)
The FRAP was determined according to Pulido et al. (2000) with some modifications. FRAP is a convenient method to estimate the antioxidant capacity of pure compounds and mixtures based on the ferric reducing ability of the extract. At low pH, a Fe 3? -TPTZ (2,4,6-tris(2-pyridyl)-s-triazine) complex is reduced to the Fe 2? form with an intense blue color. In this assay, the measurement parameter is defined as the concentration of antioxidant having a Fe 3? -TPTZ reducing ability equivalent to that of 1 mM FeSO 4 . The FRAP assay has advantages over other methods commonly used, because this assay is not dependent on enzymatic or non-enzymatic methods, and the results obtained for the pure compounds are comparable to those observed under physiological conditions (Pulido et al. 2000) .
Briefly, 3 ml of fresh prepared FRAP reagent was mixed with 300 ll of redistilled water and 100 ll of the methanol extract containing the sample. The FRAP reagent contained 2.5 ml of 10 mM TPTZ solution (Sigma Aldrich) in 40 mM HCl, 2.5 ml of 20 mM aqueous FeCl 3 9 6H 2 O solution and 45 ml of 0.3 M acetate buffer at pH 3.6. The reaction mixture was incubated at 37°C for 15 min. The absorbance was measured after 15 min at 595 nm relative to a blank sample containing only methanol, not extract. The antioxidant activity was determined against a standard of known FRAP value: a calibration curve of 0-2,000 lM ferrous sulfate. The results are expressed in lmol Fe(II) g -1 dry weight of extract.
Linoleic acid peroxidation inhibition
Linoleic acid peroxidation (LPO) inhibition was determined by the TBARS test according to Choi et al. (2002) , with some modifications. The LPO method is a measure of the ability of a sample to inhibit the oxidation of linoleic acid into peroxides. Briefly, 150 ll plant extracts at concentrations of 100 and 250 lg ml -1 were mixed with 100 ll ascorbic acid (2 mM), 500 ll linoleic acid (20 mM) and 500 ll TRISHCl buffer (100 lM, pH 7.5). Peroxidation was initiated by the addition of 100 ll FeSO 4 (4 mM). The mixture was incubated for 90 min at 37°C. The reaction was terminated by the addition of 1.5 ml ice cold 10 % trichloroacetic acid (TCA) (POCh) in 0.5 % HCl. Following this, 3 ml of 2-thiobarbituric acid (TBA) (Sigma Aldrich) in 50 mM NaOH was added. The mixture was heated at 95°C for 60 min. After cooling, 4 ml of each sample was vortexed with an equal volume of butanol. The mixture was centrifuged for 4,000 rpm for 15 min and the upper colored layer was decanted into spectrophotometric cuvettes. The absorbance was read at 532 nm. The percentage of linoleic acid peroxidation inhibition was calculated using the following equation:
where Abs control is the absorbance of methanol instead of an extract.
Statistical analysis
The estimated values were calculated as means of six measurements ± standard error. The significance of the treatment effect was determined using the Kruskal-Wallis test with Statistica 10.0 software (Statsoft Poland). A 5 % probability level was assumed to be significant. MS-Excel software was used to calculate the EC 50 and correlation coefficients between the antioxidant assay and the total content of phenolics, as well as those of total flavonoids content, verbascoside, baicalin, wogonoside, luteolin and its 7-O-glucoside.
Results and discussion
Shoot culture and plant regeneration
The shoot tips of 3-week-old aseptically grown seedlings were used as initial explants for in vitro propagation of S. altissima plants. On average, over 5 new shoots were formed from one explant on MS agar medium with 0.1 mg l -1 IAA and 0.45 mg l -1 BAP within 5 weeks. The shoot culture was served as starting material for further multiplication, plant regeneration as well as phytochemical and antioxidant studies. For plant regeneration, the shoots were rooted directly during the transfer to ex vitro conditions. The plants were grown in the greenhouse in pots with mixture of sand, peat and soil (3:3:4 v/v/v) and after 12 weeks were transferred to field conditions. It was possible to obtain more than 130 plants from one explant in approximately 6 months.
Determination of phenolic compounds
Methanolic extracts of shoot culture at various ages, the roots and shoots of 12-week-old and 2-year-old micropropagated plants, as well as the roots and shoots of 2-yearold plants propagated from seeds were subjected to UPLC for identification and quantification of phenolic compounds. In all samples, baicalin, wogonoside, luteolin, 7-Oglucoside of luteolin and verbascoside were identified by comparing their retention times (8.1 min, 13.1, 12.4, 4.0, 3.6, respectively), UV adsorption profiles and MS data with corresponding standard compounds. LC-MS/MS data of baicalin, wogonoside and verbascoside were presented in our previous work (Grzegorczyk-Karolak et al. 2013 ). The resulting ion mass spectra of luteolin and its glucoside in the S. altissima extract are shown in Table 1 . The comparison of mass spectra with standard compounds and literature data unambiguous identification of luteolin and luteolin-7-glucoside in the studied plant material was conducted (Es-Safi et al. 2005; Fabre et al. 2001) .
The highest level of flavonoids characteristic of the Scutellaria genus (22-23 mg g -1 dry wt baicalin and 6.2-6.9 mg g -1 dry wt wogonoside) was found in roots collected from 2-year-old field-grown plants propagated in vitro and from seeds (Table 2) . No significant differences were found between roots of both plant types, Table 2 showed that the yield of secondary metabolites in S. altissima plants was strongly influenced by age. The content of baicalin and wogonoside in the roots of 12-week-old greenhouse-grown micropropagated plants was 2.5-3 times lower than those of the roots of fieldgrown plants, regardless of whether they had been propagated in vitro or in vivo. In contrast, twice as much luteolin was found in the in vitro material ( Table 2) .
The comparative analysis of flavonoids in the roots and aerial parts of S. altissima plants showed that root extract contains markedly higher amounts of baicalin and wogonoside. For example, the amount of baicalin in shoot extracts obtained from field-grown plants ranged from 0.27 mg g -1 dry wt, in plants grown from seeds, to 0.34 mg g -1 dry wt, in micropropagated plants, and these values were 65-80 times lower than in the corresponding root extracts. A similar tendency was observed in younger tissue culture-derived plants (12 weeks old), but the differences between the levels of baicalin and wogonoside in roots and shoots were smaller: 8.97 vs. 1.71 mg g -1 dry wt and 2.46 vs. 0.51 mg g -1 dry wt, in roots and shoots, respectively. Also, in the other Scutellaria species (S. baicalensis, S. tomentosa and S. wrightii) baicalin and wogonoside levels were higher in roots than in stems and leaves (Islam et al. 2011) . It may be due to the translocation of flavonoids (baicalin and wogonoside) in rooted shoots from leaves to roots. It is known that flavonoids are biosynthesized in leaves in many plant species, because the expression of its biosynthesis pathway genes is strictly dependent on light (Petrussa et al. 2013) . A literature review revealed no previous data on the quantitative analysis of wogonoside and verbascoside in S. altissima. While only one report on the occurrence of baicalin in the plant species has been published (Zgórka 2006 ). In the report, Zgórka described that the level of baicalin in the aerial parts of S. altissima reached 0.3 mg g -1 dry wt, which is consistent with our results. She has not estimated the content of the flavone in the roots of the plant.
The content of baicalin, wogonoside, verbascoside or luteolin and its glycoside in S. altissima shoot culture were also measured by UPLC. Accumulation of baicalin and wogonoside was found to be higher in the shoots grown on MS medium supplemented with 0.1 mg l -1 IAA and 0.45 mg l -1 BAP than in the sample taken from the shoots of 12-week-old greenhouse-grown micropropagated plants and from the shoots of field-grown plants, although this accumulation was significantly lower than that seen in the plant roots. These differences can be probably due to in vitro conditions, such as basal medium composition and growth regulators utilized to establish cultures. It has been reported that the type and concentration of growth regulators are often crucial factors in secondary metabolite accumulation in organ culture (Al-Qudah et al. 2011) .
The influence of the age of S. altissima multiple shoot culture on the level of secondary metabolites showed that the culture retained the ability to biosynthesize analyzed compounds during long-term cultivation of 3.5 years. The highest amounts of the secondary metabolites were obtained from shoots after 1.5 years of growth under in vitro conditions, 16-17th subcultures, and these levels remained more or less stable in subsequent passages: 26-27th and 36-37th subcultures (Table 2) .
Antioxidant activity and total phenolic and flavonoid contents
The antioxidative capacities of methanolic extracts of shoots cultured in vitro (passages 16-17), micropropagated shoots and roots and seed-derived plants grown in the field were determined. To fully characterize their antioxidant properties, three in vitro tests based on different mechanisms were used in the study. The free radical scavenging activity of the tested extracts was evaluated by the ABTS assay. The FRAP assay was employed to measure the ability to reduce iron ions (Fe 3? to Fe 2? ). Both tests are based on the mechanism of single electron transfer, i.e., the SET (single electron transfer) reaction. Linoleic acid peroxidation was used to determine the ability of S. altissima extracts to inhibit the oxidation of linoleic acid into peroxides via the HAT (hydrogen atom transfer) mechanism, which involves the reduction of free radicals through the transfer of hydrogen from the molecule of antioxidant. This assay is more physiopathologically important for screening antioxidant activity in human body than other methods (Matkowski 2006) . Additionally, total phenolic and flavonoid contents in the extracts were evaluated by colorimetric methods.
All tested extracts showed ABTS radical scavenging ability with EC 50 values in the range of 30-50 micrograms per milliliter (Table 3 ). The highest activity in the test, with 99 % radical inhibition at a concentration of 100 lg ml -1 and EC 50 value about 30 lg ml -1 was demonstrated by extracts from the roots and shoots of regenerated plants. The activity was similar to that observed in the root extracts of conventionally propagated S. altissima (34.12 lg ml -1 ). The shoot extracts of in vivo-derived plants had a lower ability to scavenge free radicals (EC 50 = 39.7 lg ml -1 ). The lowest antiradical activity was demonstrated by shoot culture extract (EC 50 = 50 -lg ml -1 ) (Table 3 ). Similar to the ABTS assay, the best reducing ability according to the FRAP test was observed for the root extract of regenerated plants (503 lmol Fe(II) g -1 dry wt), which was significantly higher than those of the shoot extracts of in vitro propagated plants (400 lmol Fe(II) g -1 dry wt) and both shoot and root extracts of in vivo-derived plants, with a reducing capacity ranging from 370 to 400 lmol Fe(II) g -1 dry wt. The FRAP values for S. altissima plants were comparable to or better than those reported by Henriquez et al. (2011) dry wt). The inhibition of linoleic acid peroxidation (LPO) by S. altissima extracts was assayed by the TBARS test, and the results are presented in Fig. 1 . The extracts exhibited a dose-dependent inhibition potential, which ranged between 15 and 30 % at a concentration of 100 lg ml -1 , and between 30 and 50 % at a concentration of 250 lg ml -1 . The root extracts of regenerated plants exhibited the highest LA inhibition (30 %), while the roots of plants derived from seeds showed significantly weaker activity, with an inhibitory effect of 26 % at a concentration of altissima methanolic extracts at the concentration of 100 and 250 lg ml -1 in the Fe/ascorbic acid system using TBARS detection. 1 shoot culture, 2 shoots in vitro-regenerated plants, 3 roots in vitro-regenerated plants, 4 shoots in vivo-derived plants, 5 roots in vivo-derived plants. The means with the same letter for the same extract concentration do not differ significantly according to the Kruskal-Wallis test (p B 0.05). The values are the means of three replicates ±SE 100 lg ml -1 . The results of our study suggest that the antioxidant mechanism of the compounds present in S. altissima is rather based on the single electron transfer reaction than on hydrogen atom reaction. The obtained values suggest that the lipid peroxidation inhibiting activity of S. altissima extracts was weaker than known antioxidant compounds such as BHT: 78 % inhibition at 100 lg ml -1 (data not published). However, the widely used synthetic compound has been recently restricted because of serious concerns about its carcinogenic potential (Buxiang and Fukuhara 1997) .
It had been reported that antioxidant activity can be associated with the content of phenolic compounds, especially flavonoids, in plant material (Tundis et al. 2013; Gao et al. 1999) . Therefore, in this study, the total phenolic and flavonoid contents of S. altissima extracts were evaluated. In all assays used in our experiments (ABTS, FRAP, LPO), the highest antioxidant properties were demonstrated by extracts from the roots of in vitro-regenerated plants, which were also characterized by the highest total phenolic and flavonoid content: 45.2 mg GAE per g of extract dry wt and 24.6 mg QUE per g of extract dry wt, respectively. The shoot extracts of the plants contained similar total content of phenolic compounds as extracts of roots, 42.8 mg GAE per g of extract dry wt compared to 45.2 mg GAE per g of extract dry wt, respectively, but the total flavonoid amount in the former was lower: 15.5 mg QUE per g of extract dry wt vs. 24.6 mg QUE per g of extract dry wt. Significantly, lower total phenolic and flavonoid content was recorded from the extracts of shoots and roots of in vivo-derived plants, whereas the lowest contents were detected in the extract from S. altissima in vitro shoot culture (Table 4) . Table 5 shows the values of correlation coefficients calculated for antioxidant assay versus total phenolic and flavonoid contents, as well as the contents of main phenolic compounds, identified by UPLC, in extracts of S. altissima., i.e., baicalin, wogonoside and verbascoside. The data suggest that both radical scavenging ability and reducing power of the analyzed extracts were strongly correlated with total content of phenolic compounds (r = 0.93 and 0.90, respectively) and less with baicalin (r = 0.46, 0.47) and wogonoside (r = 0.48, 0.53) content. The results in Table 5 indicate that the total phenolic content measured by the Folin-Ciocalteu method is a more informative parameter for contributing to the antioxidant activity of S. altissima extracts than concentrations of the individual flavonoids detected in the extracts. A remarkable example is the shoot extract taken from in vitro-regenerated plants of S. altissima. Its antioxidant activity in ABTS assay was comparable to that revealed for the root extract of micropropagated plants. Both extracts have similar total content of phenolic compounds. However, as shown by UPLC analysis, the extract from the aerial parts had much lower concentrations of baicalin and wogonoside as compared to the extract from the underground parts of regenerated plants ( Table 2 ). The same tendency was observed when extracts from the roots and shoots of seed-derived plants of S. altissima were compared (Tables 2, 4). It is known that the antioxidant activity of flavonoids is strongly structurally dependent (Pulido et al. 2000) . Various authors report that the antioxidant ability of flavonoids increases under the following conditions: (1) the presence of a 3 0 4 0 -dihydroxy structure in B ring, (2) the presence of 2,3-double bond in conjunction with the 4-oxo group in the heterocycle allowing for conjugation between the A and B rings and (3) the presence of 3-and 5-hydroxyl groups in the A ring together with a 4-oxo function in the A and C rings (Pulido et al. 2000; Rice-Evans et al. 1996) . Baicalin does not meet the first condition; therefore, it is less effective in reacting with the most reactive oxygen species than for example quercetin or luteolin (Gao et al. 1999 ). The latter flavone was detected in shoot extracts of both in vitro-and in vivo-derived plants of S. altissima in considerably higher amounts than in root extracts ( Table 2 ). The lower correlation between total phenolic compounds and flavonoids content and LPO assay suggests that these compounds play a minor role as determinants of the lipid peroxidation inhibiting activity. Correlation analysis also indicates that verbascoside content did not show correlation with performed assays. Conversely, Si et al. (2013) , report a strong relationship between verbascoside content and antioxidant activity of Paulownia tomentosa bark extracts. It is possible that in S. altissima extracts, verbascoside occurred at a concentration (0.9-4.75 mg g-1 dry wt) which was too low to have any significant effect on the antioxidant properties of analyzed plant materials.
Conclusion
To our knowledge, all results on S. altissima shoot culture and plants derived from shoots rooted ex vitro are presented here for the first time. The most important finding is that in vitro-and in vivo-propagated plants of the same age, i.e., 2-year-old plants grown in the field contained similar levels of the pharmacologically active flavones, baicalin and wogonoside. Hence, the roots of in vitro-raised S. altissima plants can be considered as alternative sources of these compounds.
The results of the study show also that the methanolic extracts of roots of micropropagated plants displayed interesting antioxidant capacities comparable to the root extract of conventionally propagated plants, according to the ABTS assay, or even higher, according to the FRAP and LPO assays. The correlation analysis revealed that the results of all three tests correlated the best with the total phenolic levels estimated by Folin-Ciocalteu method. These results, as well as high total content of phenolic and flavonoid compounds known to be present in the extracts of shoots and roots of micropropagated plants, indicate that further study on the identification of other phenolic compounds unidentified in this study, and the establishment of their significance in the antioxidant potential of S. altissima plants is necessary.
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